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On relativistic jet/counterjet asymmetry in the presence of 
radiating jet boundary layer 
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Abstract. We consider radiation of relativistic elec- 
trons accelerated within the jet extended boundary layer. 
Due to velocity shear across the boundary the observed 
jet/counterjet brightness ratio is diminished as compared 
to the one derived for the jet spine. Thus the jet Lorentz 
factor evaluated from the observed jet asymmetry can be 
an underestimated value influenced by observation of the 
slower boundary layer. We briefly discuss several conse- 
quences of the radiating boundary layer model in the con- 
text of recent Chandra and XMM observations of the large 
scale jets. 



1. Introduction 

Jet stratification was proposed in order to interpret ra- 
dio and optical observations of large scale jets in radio 
galaxies (e.g., Laing 199^ ). The inferred jet morphology 
consists of a fast central spine surrounded by the shear 
layer extending into the broad jet cocoon. However, the 
physical properties of the boundary region are not ex- 
actly known. Polarimetry of the large scale jet bound- 
aries usually show magnetic field being parallel to the 
jet axis, suggesting strong shearing effects at the jet 
edges. 3D numerical simulations reveal turbulent char- 
acter of the boundary layer and its high specific in- 



ternal energy (Aloy et al. 1999). Such regions are there- 
fore promising places for particle acceleration, includ- 
ing both stochastic scattering in a turbulent medium 
and cosmic ray viscosity (cf. review by iBerezhko 19"90| ). 
With the parameters characteristic for the large scale 
jets, the former mechanism creates at the jet boundary a 
characteristic two-component electron spectrum: a power- 
law ended by a pile-up bu mp ( Ostrowski 200C , see also 
Stawarz fc Ostrowski 2001 ). A role of such electron dis- 
tribution for the multiwavelength large scale jet emission 



was studied by Stawarz & Ostrowski 2002 



Recently, Chandra and XMM observatories detected 
significant X-ray nonthermal emission connected with the 
large scale jets in a number of radio loud AGNs. One of the 
most spectacula r X-ray jets is the o ne observed in quasar 
PKS 0637-752 ( |Chartas et al. 200C|) . The most hkely ex- 



planation of its X-ray emission is the inverse-Compton 
scattering of cosmic microwave background photons by the 
low energy nonthermal electrons (Tavecchio et al. 2000). 
This mechanism, however, requires highly relativistic flow 
velocities at the distance of order of 0.1 - 1 Mpc from the 
galactic nucleus. It is inconsistent with middly relativistic 
velocities inferred from the jet-counterjet radio brightness 
asymmetries of the large scale jets in radio galaxies. One 
may note, that the highly relativistic jets provide the most 
efficient way of ene rgy transport to the termin al hot-spots 
in FR II sources ( |Ghisellini fc Celotti 200l|) . Therefore, 
there is striking disagreement between theoretical mod- 
eling and radio measurements for such sources. 

Here we discuss the possibility, that the emission of 
electrons accelerated within the turbulent shear layer af- 
fects the jet-counterjet brightness asymmetry observa- 
tions, allowing the jet spine to remain highly relativis- 
tic even far away from the active nucleus. We point out 
several consequences of the presented model for radiative 
output of large scale jets, including their X-ray emission. 



2. Radiation of the jet boundary layer 

Let us consider (cf. [Stawarz fc Ostrowski 2002| ) a large 
(tens-of-kpc) scale jet consisted of a highly relativistic 
cylindrical spine, with a radius Rj ^ 1 kpc and a bulk 
Lorentz factor Tj, surrounded by the turbulent bound- 
ary layer with a thickness D ^ Rj and a radial velocity 
shear. We assume that the magnetic field with intensity 
B ~ 10~^ G is parallel on average to the flow velocity 
within the boundary region. The electrons injected into 
the shear layer are accelerated due to the resonant scat- 
tering on the magnetic field irregularities moving with, 
approximately, the Alfven velocity, Va ~ 10*cm/s, and 
form a flat power-law energy spectrum, oc 7^°^. The ac- 
celeration time scale for this process is roughly Tacc ^ 
rgcV^^ ~ 10^ 7 [s], where rg is the electron gyroradius, 
and 7 is its Lorentz factor. The electron escape from the 
shear layer with the assumed magnetic field configuration 
takes place due to cross-field diffusion, with the time scale 
much longer than the scale connected with synchrotron 



losses, Tu 



8 ■ 10 7 [s]. As a result, the electrons 
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Fig. 1. A ratio of the observed radio fluxes from the jet 
and the counterjet as a function of a viewing angle. The 
dotted Unes correspond to the uniform jet models ('pure' 
spine radiation) with the bulk Lorcntz factor Tj ~ 10 
or 3. The solid lines correspond to the radiation from a 
boundary shear layer with the assumed linear profile of 
the bulk Lorentz factor within the transition region, 1 < 
r < Tj. The Lorentz factors Tj are provided near the 
respective curves. 



form a pilc-up bump at the maximum energy 10^, 
where Tacc ~ Tioss- The slope of a power-law component 
and the normalization of the spectrum depend on physi- 
cal conditions within the acceleration region. Below we as- 
sume energy equipartition between the magnetic field and 
relativistic electrons, providing electron spectrum normal- 
ization for CT = 2. For such condition, the radio-to-optical 
continuum is dominated by the emission of the power-law 
electron spectral component, while the high en- 

ergy electron bump is pronounced at higher. X-ray fre- 
quencies. Thus the jet spectral properties at radio and 
optical frequencies can be different as compared to those 
at the X-rays, although they result from the synchrotron 
emission of the same electron population. 

An important manifestation of the boundary layer 
emission is a decrease of the jet-counterjet brightness 
asymmetry as compared to the uniform jet models, sug- 
gested previously by Komissarov 1990. In the presence of 



the radiating shear layer, an observer with a line of sight 
inclined at angle 9 > 1 / Tj with respect to the jet axis will 
see predominantly radiation generated within the transi- 
tion region, 1 < F < Fj, while the spine emission will be 
Doppler-hidden. Note, that the spine and the boundary 
layer radiation can differ not only due to the kinematic 
effects involved, but also because of a possible presence 
of distinct electron populations within those two regions. 
Figure 1 illustrates for different values of Fj the boundary 
layer jet-counterjet brightness asymmetry for the spectral 
index (a — l)/2 = 0.5 and a linear Lorentz factor profile 
within the boundary region. For comparison, the uniform 



jet models are also presented. Due to the considered effect, 
for Tj = 10 and the moderate inclinations, the observed 
asymmetry can be reduced by more than one order of 
magnitude in comparison to the uniform jets. 



3. Discussion 

Relativistic velocities of large scale jets (corresponding to 
the bulk Lorentz factor Tj ~ 10) were postulated in order 
to explain X-ray emission detected by Chandra and XMM 
from the jets with small inclination angles. Much smaller 
velocities of the jets in radio galaxies inferred from the jet- 
counterjet radio brightness asymmetry can be explained 
as a result of the radiating boundary layer with the veloc- 
ity shear. The jet spines flowing with large bulk Lorentz 
factors can carry high kinetic energy, Ltot ~ lO^^erg/s, 
assuming that they are composed from 'normal' electron- 
proton plasma (cf. [GhiscUini fc Cclotti 2001 ), and effi- 
ciently produce X-rays due to Compton scattering of 
CMB photons. The radiating boundary layer can dom- 
inate the X-ray emission of the jets observed at large 
viewing angles, as discussed by Celotti et al. 2001 and 
^tawarz fc Ostrowski 2002. In the later model, such X- 



ray emission is produced by synchrotron radiation of the 
high energy electron pilc-up bump. Therefore, the jet- 
counterjet X-ray brightness asymmetry differ from the 
radio one due to different spectral characters of the 
power-law and the spectral bump emission. One should 
note, that recent HST observations of the jet in 3C 273 
( Jester et al. 200^ show spectral flattening starting at 
UV frequencies and suggest that our interpretation of the 
large scale jets' X-ray emission can be correct at least for 
some sources. 
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